ABSTRACT:-
INTRODUCTION
We first present some formalism of statistical mechanics and thermodynamics [1, 2] . Let us imagine for a moment that our two-dimensional dipoles are tacked down such that there is no translational motion and that they are well separated so that they do not exert direct forces on each other. Imagine further that there is a buffer gas of neutral molecules that constitutes a reservoir at temperature T. Then the probability that a dipole will be found in the j th energy state (E j ) is It is important to note that the assumption here is that each dipole is in a weak contact with the reservoir. For example, a dipole might be hit impulsively by the molecules of the reservoir [3] . These collisions serve to send the dipole into one or another of its energy states. But most of the time the dipole is alone in the external field [4] . The average energy of a buffer molecule in two-dimension is 2 2
. However some have more and some have less energy which gives rise to the energy distribution of the dipole molecules [5] . The average energy ( )
, / 
where F is the impressed field.
The specific heat per dipole at constant external field is
We note here that if we have ρ as the dipole per unit volume, we first multiply extensive quantities by ρ to get, for example, specific heat per unit volume C V.
Now the ( )
, E F β quantity is to be identified with internal energy. Thus entropy S per dipole for the canonical distribution is defined as
Finally the free energy ( )
F e e β β β − − = =Σ (6) and ( )
is the partition function of the system in the presence of an impressed electric field.
We can quickly check that the above identifications agree with the well known thermodynamic relations. For example the Gibbs-Helmholtz equation is
and we have the usual relation
To check this we note that in equilibrium
This paper is organized as follows. Section 2 is devoted to the treatment of the two-dimensional rotator in the absence and presence of the impressed fields at low and high temperature limits. The classical limit of statistics is discussed in section 3 and it is shown that there is a temperature dependant polarizability. In section 4 a study of the way that the classical limit emerges from the formulae of quantum statistics is presented.
TWO DIMENSIONAL RIGID ROTATOR
Our main objective here is to compute certain thermodynamic quantities for the two-dimensional dipole [6] . We shall therefore focus attention on the partition function for a given dipole 
Thus even though this is classical, it contains 2 , D which enters as an additive constant fixed by quantum theory, and it is clear from (17) that entropy increases with temperature.
At low temperatures 1 α 〉〉 , and we must therefore use the quantum expression where only the lowest and first energy levels are populated, thus 
The average internal energy E 
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It is trivial to show that (21) vanishes rapidly as 0 T → . This is attributable to the scarcity of available levels due to quantization. The rapid fall of the specific heat at low temperatures is always attributable to the scarcity of the low-lying states.
Dipole in an External Field
Turning to the behaviour in an external field F(t), we note that it is not as easy as one might first think. First of all it is necessary to know the energy levels in the presence of the field before we can evaluate
The strength of the interaction is measured by the dimensionless ratio 
If the perturbation theory is valid for the lowest (m=0) level, it is even better for the excited states. 
This value of λ is much less than unity for reasonable fields. We therefore have for the weak field case 
The above partition function serves two distinct cases, i.e. the low and the high temperature regions. 
(i) Low temperatures
There are now two subcases: The first one is when 
We will however, split off the term m = 0 in any case since we know that the perturbation shift is anomalous. Thus 
It is possible to analyse the above integral more carefully, however under our conditions it is more legitimate to expand. 
Taking X m α = we come to 
For a fixed α , the change in the partition function due to the applied field is ( )
where 1 Fα is a positive function of α expressed as ( ) 
THE CLASSICAL LIMIT OF STATISTICS
Let us consider macromolecules for which the moment of inertia is hundreds of times that of HCl, so that 
where P θ and θ are the independent variables i.e., canonical momentum and coordinate. The above multiple integral goes over the phase space and it is important to note particularly that the range of integration of P θ is −∞ to +∞ i.e., the angular momentum can be as large as one likes, and the constant D is introduced for dimensional reasons.
In the present case, it is easy to evaluate the partition function 
The remaining integral is a Bessel function [7, 8] ( ) 
The kinetic energy factor in the partition function Z drops out in the differentiation and we obtain ( )
so that there is a temperature dependant polarizability 
The internal energy can be computed directly as
In the weak field case, the internal energy change is given by ( ) 
CLASSICAL LIMITING BEHAVIOR OF QUANTUM STATISTICS
We shall now present a short account of the way that the classical limit emerges from the formulae of quantum statistics. We start by studying a free two-dimensional rotator for which Now we want to examine the corrections to this limit, obtaining some sort of series in α The sum involved in Z o is a theta function whose properties have been well studied [8, 9] . We can therefore already see that there may be some difficulty in replacing the sum by an integral. For even if α is very small (but not zero), there will always be some value of m beyond which the terms in the sum begin to change rapidly.
The Euler-Maclaurin formula [9] is customarily used to replace a sum by an integral and to obtain corrections. This formula states
